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ABSTRACT 


Materials have become a key factor of technical evolution in 
the modern era. Composite materials are among the promising 
engineering materials with a variety of application fields. The 
light weight high strength composites are ideally suited for 
aerospace structural applications. High levels of reliability 
must be ensured in such structures and therefore non destructive 
testing plays a major role in their quality assurance. Ultrasonic 
inspection has proved to be an effective means to evaluate the 
non homogeneous and anisotropic composite materials. The 
availability of computers has had strong influence the ultrasonic 
NDT instrumentation towards automation. 

In the present work, a microcomputer based ultrasonic 
inspection system is developed by interfacing the available 
scanning set up with a PC-XT. The present system uses the peak 
amplitude analysis of the received ultrasonic signal for C-scan 
imaging of the composite specimens. The fall in the value of the 
peak amplitude of the received signal indicates the presence of a 
flaw in an otherwise undamaged specimen. A peak detector 
circuit is developed for detecting the peak amplitude of the 
received signal and an analog to digital converter (ADC) is used 
for transferring the data t PC. Image processing techniques are 
used for presenting the acquired information. The two dimensional 
flaw image is displayed on the colour monitor with pseudo 
colouring scheme aiding in detection and sizing of defects in the 
composites . 

The composite laminates with artificially introduced flaws 
were tested using the present set up. Kevlar fiber and glass 
fiber specimens subjected to impact test were also examined for 
the damage. The C-scan image shows more deimage areas than those 
that can be identified by visual inspection. 



CHAPTER 1 
IH T B O J? g C T I OM 


1 . 1 INTRODDCTIOH 

In the modern age, there has been an increasing demand for 
materials ever stiffer and lighter in weight by various 
application fields. The demands are so extreme and diverse that 
no one material is able to satisfy them. This naturally led to a 
resurgence of the ancient concept of combining different 
materials in an integral - composite manner, to satisfy the user 
requirements. In effect, the composites have introduced an 
extraordinary fluidity to design engineering offering flexibility 
to the designer to create tailor made composites for each 
application. Due to outstanding strength, stiffness, fatigue 
resistance coupled with light weight their use is expanding 
rapidly in the diverse fields like space, aeronautics, energy, 
civil construction etc. New highly stressed components are 
regularly announced with advent of advanced fibres like boron, 
carbon, silicon carbide for reinforcing resin, metal and ceramic 
matrices . 

The use of Non Destructive Testing ( NDT ) for structural 
integrity of such components is very essential if these 
materials are to continue to be considered as the first choice 
for highly stressed components. The task of NDT in composites 
differs from that in metals where there is more complete 
understanding of the related failure micromechanisms . Composites 
present novel problems for non destructive testing. Generally 


1 



•these mat-erials have poor electrical conductivity, low thermal 
conductivity, high acoustic attenuation. It is a heterogeneous 
medium which can contain multiple defect geometries. No single 
model can adequately describe the level of damage which is 
critical . 

Measurement of ultrasonic attenuation is most widely used 
technique for determining the quality of the composites. Several 
material parameters influence the ultrasound propagation in 
composite materials. First and foremost are the stiffness 
properties and densities of the material which determine the 
direction and energy partitioning of the ultrasonic beam within 
the material. Secondly, the microstructures features like fibre 
volume fraction, porosity, delaminations, ply orientations 
influence the ultrasonic sound propagation characteristics. 

Advancement in digital technology has had large impact on 
developments in ultrasonic instrumentation and wide range of 
processors have been incorporated in a variety of systems and 
instriiments . Computers play an important role in the design of 
inspections, in the acquisition of data, and in the processing, 
evaluation and ultimately .presentation of the data. The ability 
to acquire and record large digital data by computers gives a 
significant increase in reliability of inspection by elimination 
of the human operator’s potential for missing significant echoes 
and by automated production there is an evidence that the 
required material has been scanned. Sophisticated data processing 
procedures to enhance signal to noise can also be introduced if 
the application demands it. The introduction of computer based 
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aids t-o dat.a evaluation also becomes possible. Reliability is 
further enhanced and repeatability increases if the probes scan 
the specimen automatically. 

1.2 LITERATURE SURVEY 

There are large number of non destructive testing 
techniques varying in applications and operating principles. The 
current state of the art of widely accepted NDT techniques is 
summarized below. 

Acoustic emission : This technique deals with the analysis of 
stress waves formed due to the release in strain energy during 
the material deformation. Comprehensive review of this technique 
is provided by Arrington [1]. Computers are now widely used in 
signal analysis for event counting, ringdown counting, amplitude 
analysis, energy analysis and event duration [2]. 

Radiography: To produce an X-ray or gamma ray radiograph, a beam 
of the radiation is directed towards the object that is to be 
investigated. The differences in intensities is caused by 
differences in density and thickness of the object. Use of 
radiographic technique for composites is described in [3]. 
Computer assisted radiography consists of image acquisition and 
image conditioning system. Such system developed for composites 
is described in [4]. 

Thermal NDT: Thermal imaging of composites is possible by 
recording thermal field generated by stress. The hot spots 
generated in the regions of damage under cyclic loading are 
e.ls.LwAxv xxi nne specimen of low thermal conductivity such as glass 


fibre reinforced composites [5]. 

Optical techniques: These include laser scanning, Moire fringe 
fringe method, holographic interferometry, Speckle methods etc. 
Detailed review of these methods with the current trends is given 
in [6]. 

Ultrasonic Techniques: Ultrasonic signal analysis is the most 
popular technique for inspection of the composites. 

In 1942, Firestone was first to apply the principle of 
sonic depth finder, well known for ship locating and depth 
sounding at sea [7] . After 1945, favored by the increasingly 
urgent demands for non destructive testing, this method became 
generally accepted as a practical tool. 

The conventional Ultrasonic inspection system operates in a 
manner analogous to that of sonar echo location. A short burst of 
high frequency sound is emitted from a transducer which is 
coupled to the object being inspected. The Ultrasonic pulse 
travels through the test specimen and gets reflected from or 
refracted at discontinuities and interfaces. The reflected or 
transmitted signal is picked up for detecting the presence of the 
defects which reveal themselves by drop in sound intensity as 
compared with defect free locations [8] . 

Ultrasonics is a branch of NDT that has received most 
attention as regards to interpretation and manipulation of the 
received signal. This is partly because of very wide 
applicability of the technique but also because of the 
complexity of interactions between the ultrasonic pulses and 
defects. 
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The Ultrasonic C-scan inspection procedure is one of the 
well accepted inspection procedures for testing of the composite 
materials. An image obtained by amplitude analysis at a 
particular depth can show most of the potentially defective areas 
inside a structure. C-scan testing can be carried out in a pulse 
echo mode, through transmission mode and other variations to 
examine multiple reflections, etc. [9]. The Ultrasonic C-scan 
technique is capable of measuring delaminations, ply gaps and 
inclusions in composites [10,113. It can also detect resin rich, 
resin starved areas, surface scratches etc. [12, 133. Incorrect 
cure of matrix is likely to result in increased material damping 
and increased attenuation [14,153. Rose and Carson [163 
demonstrated use of C-scanning for the early detection of fatigue 
damage and the prediction of the remaining life. The resolution 
of Ultrasonic C-scan technique is limited by dispersion in 
composites and by beam dimensions. As a consequence, C-scanning 
is more reliable as an indicator of overall quality than as 
determination of specific defects [173- 

Ultrasonic velocity measurements have been made by a number of 
researchers and it has the advantage of of being simple to 
measure accurately in all but very thin specimens. Reynolds and 
Wilkinson [183 have shown that the velocity of ultrasonic waves 
traveling normal to the fibre plane is a fiinction of the porosity 
and fibre volume fraction. Kaelble and Dynes [193 have shown 
that ultrasonic velocity measurements may be used to monitor 
moisture ingress to composite. 
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Ult-rasonic back scat-tering ‘technique involves t-he use of 
transducer at an acute angle to the test surface followed by 
rotating it about an axis normal to the test surface and the 
echoes are monitored. A plot of the signal intensity versus the 
angle of rotation can be used to detect local fibre waviness, 
translaminar cracks and ply end discontinuities [20,21]. 

In Ultrasonic spectroscopy technique, the frequency content 
of a pulse that has traveled through a test specimen is analysed 
by spectrum analysis. Cousins and Markham [22] succeeded in 
using this technique to determine the depth of delaminations in 
perspex and carbon fibre composites with artificial 
delaminations. High speed digital transient systems are coupled 
to Fast Fourier Transform processors to give improved frequency 
resolution [23]. If a composite is to be inspected for a variety 
of defects, then it may be beneficial to process ultrasonic 
test signal in both, time domain and frequency domain. Using this 
approach. Rose and coworkers have developed a feature mapping 
system for the classification of defects in composites [24,25]. 
Another of the better established NDE techniques based on 
"ultrasonics is Fokker-Bond tester [26] where frequency and 
amplitude changes are monitored. Changes in resonant frequency 
reveal the existence and depth of delaminations. 

Generally, the measurement of an attenuated signal is done 
by feeding it to cathode ray tube . This trace on the CRT screen 
is further used for defect detection. Visual inspection of the 
screen traces is often too slow and error prone . Processing of 
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the test data in the form of electrical values is therefore, 
desirable and essential for most documentation methods. Necessary 
requirements for data acquisition are described by Engl and 
Smiths [27]. It is possible to employ go-no go monitor which may 
activate recorder or signaling device like a horn or bell to 
indicate the presence of the defect [8]. 

NDE of composites requires gathering of large amount of 
data, statistically processing it, using numerical techniques, 
and comparing it with a reference data bank. This work, which is 
time consuming and may involve human error, requires 
computerisation. Use of computerised systems has contributed 
significantly to the ability to acquire a large quantity of data 
and process, display, and store it in automatic and reliable 
fashion [28]. In recent years, computerised C-scan systems are 
widely used for research and development. Ultrasonic parameters 
sensitive to various defects have been evaluated with the aid of 
proper computer software to provide detailed information about 
defects [29]. 

1.3 SCOPE OF THE WORK 

The availability of computing power in small packages at lower 
costs has had strong influence on the design of instrumentation 
used for acquiring and processing data generated during 
Ultrasonic testing. 

In our laboratory, a mechanized scanning system interfaced 
with UFD is available for testing of composite laminates [30]. It 
can be used to scan the specimen automaticaly and produce C-scan 
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output using the flaw alarm circuit in the UFD. In the present 
work it is proposed to extend its capabilities with the use of a 
microcomputer ( PC-XT ). A circuit is designed to detect the peak 
amplitude of the received signal. Then the amplitude value is 
digitized and stored in the PC along with the geometric location 
of the probe. 

Chapter 2 outlines the fundamentals of the ultrasonic 
technique to find the flaws in material. 

Chapter 3 describes the details of available set up for 
C-scanning and the design and the development of the present set 
up. Also presented are the details regarding the analysis of the 
data and presentation using image processing card. 

Results and discussions are presented in chapter 4 and 
conclusion is summarised in chapter 5. 


8 



CHAPTER 2 

SLTB&gQMlC IMSPECTION TECHHIOHES 
2.1 INTRODUCTION 

Human ear can sense frequencies in the range of 20 Hz to 
20KHz. The frequency higher than this range is above-sonic or 
* ultra’ -sonic. 

These ultrasound waves can be used for various 
applications. One class uses high energy ultrasound while other 
class makes use of low energy waves. 

High energy applications: 

DWelding of metals 

2 ) Impact grinding 

3) Deburring 

4 ) Electroplating 

5) Relief of residual stresses. 

Low energy applications: 

DFlaw detection 

2) Density measurement 

3) Viscosity measurement 

4) Thickness measurement 

5) Food inspection 

Ultrasound for the flaw detection was first suggested by 
Sokolov. For commercial use Ultrasonic NDT is widely accepted 
technique as it enjoys certain advantages over other non 
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destructive techniques. Ultrasound waves have high penetration 
power. It is possible to check up to 10 meters of steel by proper 
choice of frequency. Also instantaneous information can be 
obtained regarding the presence of the flaw just by visual 
inspection of received signal trace on the oscilloscope 
screen. The Portable instruments allow the inspection of large 
containers, boilers, penstocks during service . Defect 
characterisation is possible by the detailed analysis of the 
received signal. The proper choice of the transducers and 
frequency range makes detection of small flaws possible. The 
method is versatile and wide range of materials can be tested. 

2.2 Properties of Ultrasonic waves 

Acoustic waves behave just like light waves. Therefore, all 
the properties of the light waves are also applicable for 
acoustic waves. 

2.2.1 Modes of propagation 

The propagation of acoustic waves through a medium is 
determined by the oscillation modes of particles constituting the 
medium. For longitudinal wave the direction of propagation of 
sound and direction of oscillations are parallel and the wave is 
propagated with alternate compression and dilation of the medium. 
In the transverse wave periodic shear force is responsible for 
sinusoidal up and down motion of the particles and the direction 
of propagation emd direction of oscillation are at right angles 
to each other. Since liquids and gases are practically incapable 
of transmitting the shear force, transverse waves can attain 
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appreciable di stance only in solids. Rayleigh wave or shear wave 
exists on a flat boundary of a solid substance where oscillatory 
motion of the particle is elliptic. Lamb waves which have got 
considerable importance for testing of materials are the plate 
waves which can contain components of particle oscillation at 
right angles to the surface. 

2.2.2 Acousto optics 

Acoustic waves caoi exhibit the phenomenas similar to 
optical effects like reflection, refraction, diffraction, 
interference due to the wave nature of sound. It is also 
possible to construct a sonic wavefront using Hygiene’s 
principle . 

The velocities of the various kinds of sound waves can be 
calculated from the elastic constants of the material conceimed. 
The velocity of longitudinal wave in a medium is given by. 


E (1-u) 


C = \j o (1+u) (l-2u) 


For transverse waves the velocity is given by. 


C = \1 


E 1 

a 2(l+u.) 


Nj 


S 

<T 


Where, 


C - Velocity in m/sec. 

2 

E - Modulus of elasticity in N/mm 
U - poisson ratio 



3 

a - Densit7 of material in Kg/m 

2 

G - Shear modulus in H/mm , 

These velocities can be used to calculate acoustic impedance of 
the material . 

2.2.3 Impedance and Impedance Hatching 

The electrical impedance is defined as ratio of electrical 
potential to current. In acoustics, pressure P and velocity of 
oscillation of particles correspond to electrical potential and 
current respectively and acoustic impedance Z is defined as, 

Z = P/V 

it can be shown further that, 

Z = 0.C 

Where 

a - Density of the transmitting medium, 

C - Velocity of sound through the medium. 

Importance of Impedance matching for inspection techniques is 
described below. 

When a plane acoustic wave is passing through material 1, with 
acoustic impedance Zj, to a material 2, with acoustic impedance 
Z2» part of energy is transmitted to material 2 and remaining is 
reflected back into material 1 . Assuming the sound wave strikes 
at right angles to the plane of interface , the coefficient of 
reflection (R) and the coefficient of transmission (D) are given 
by. 
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D = = -2-Z2- 

Pe Z 1 +Z 2 


Where 

Pe - Incident sound pressure, 

Pr - Reflected sovmd pressure, 

Pt - Transmitted sound pressure. 


For perspex air interface, 

^air * ^air * 1.3iCs/m ^ 330 m/s — ^23 IC^/m sec. 

^perspex ~ ®^per'^^^per “ 1.18 *10 Kg/m * 3.2*10 m/s 
= 3.221*10® Kg/m^s 

Thus, coefficient of reflection R is nearly equal to unity and 
coefficient of transmission is equal to 0,00026. Therefore, 
almost all the energy is reflected back to perspex and negligibly 
small part is transmitted. Hence suitable medium or a couplant 
is necessary in between the transducer and the test specimen. In 
the present case, water is used as couplant between the 
transducers and the composite specimen . 

2.2.4 Sound field 

For satisfactory results, the distance between the 
transducer and the test specimen should be larger than certain 
minimiam value. For determination of the optimum distance, 
analysis of sound field in front of the transducer is necessary. 
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The sound field, just in front of the oscillator gets modified by 
the diffraction phenomena and maximas and minimas are formed due 
to interference. The length of this interference field is 
determined by the diameter of the oscillator, D and the 
wavelength, A- 

The distance of the interference field from the oscillator 
diaphragm measured along the axis of the transducer is given by, 

H = 4.^ 

The sound field up to the distance S is also termed as near field 
and the sound field after this range as far field. The near field 
zone is complex and none of the acoustic pressure curves of 
cross section in this zone are smooth. This range can not be used 
for the flaw detection purpose. Far field zone is simpler and 
consists of nearly smooth acoustic pressure curves of cross 
section. This zone is always used for inspection and thus the 
distance of the transducer from the specimen should always be 
larger than the length of the near field. 

2.2.4 Effect of obstacle in sound path 

A flaw in the test object represents an obstacle in sound 
path. The information regarding the flaws can be obtained either 
via reflected wave i.e. the echo or the transmitted wave i.e. the 
shadow. If the dimension of a flaw is larger than the wavelength 
of ultrasonic signal, the incident wave is reflected completes 
which results in total shadow zone behind the flaw. If the 
defects are small, comparable with the wavelength, then 
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diffraction phenomena decides the echo and the shado>i. 

Echo effect: This can be analysed by considering the small 
circular disk placed in far field zone of the sound path as an 
obstacle. Then the circular disk will be illuminated almost 
uniformly. All the points of the disc become the origins of 
elementary waves, all equal in phase and amplitude and the area 
of the disc becomes secondary oscillator with its own near field 
zone. If the distance between the transmitter and reflector is 
much greater than both the near fields together, then sound 
pressure of the reflected wave can be calculated from the simple 
mathematical relations. 

Shadow effect: An obstruction in sound field disturbs the 
propagation of waves not only due to the reflection of waves but 
also due to the shadow effect. If the dimension of obstruction 
exceeds very much as compared with wavelength of sound, there will 
be lack of sound field behind the obstruction i.e. shadow. For 
smaller flaws, this shadow field is modified by diffraction. 
Using theoretical physics, it cem be shown that the interference 
field behind the circular disc is complementary to the field 
created by the reflected wave C secondary oscillator field). 

2.3 Methods For Ultrasonic Testing 

Two widely accepted methods for the composite laminates 
testing are described below : 

2.3.1 Throu^ Transmission Method 

This method is preferred primarily because of the simplicity 
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and reliability it offers in the flaw detection. 


It uses two different probes for sound emission and 
reception as shown in Fig. 2.1 (a). Two surfaces of the specimen 
should be accessible with the two probes positioned exactly 
above each other over these surfaces . Ultrasonic energy is sent 
by an emitting transducer into one surface . The ultrasonic waves 
after traversing through the specimen thickness, emerge out at 
the opposite face . These waves are collected by the receiving 
transducer and evaluated for the presence of flaws. This 
detection capability is due to the impedance mismatch, pulse 
reflections, attenuation and dispersion, thereby reducing the 
peak amplitude of the received signal. The received signals for 
specimen with flaw and without flaw are shown in the figure 
The method is capable of measuring delaminations, ply gaps, 
inclusions, fiber breakage and voids. 

2.3.2 Pulse - Echo Method 

In this method, the emitting transducer as well as the 
receiving transducer are mounted over same side of the specimen 
as shown in Fig 2.1(b). The ultrasound waves are sent into the 
specimen by an emitting transducer which are reflected by the 
back surface of the specimen. The reflected waves are collected 
by the receiving transducer and further analysed. If flaws are 
not encountered, sound has to travel through double the thickness 
of the specimen before reaching the receiving transducer. If the 
flaw is present, sound waves are reflected back from the surface 
of the flaw. This reflected signal is attenuated due to the 




Fig.2.1(a) Through transmission method. 




CRT 


Flg.2.1(b) Pulse echo method. 


IT- 






absorpt-ion and impedance mismat-ch. The braces ot the emitbed and 
received signal when a flaw is presenb are shown in bhe figure. 

This mebhod can be convenienbly used where obher side of 
bhe specimen is nob accessible. Ib can measure depbh of bhe flaw 
and bhickness of bhe specimen . 

2.4 Techniques of Dlbrasonic Tesbing 

Two basic besbing bechniques using eibher bhrough 
bransmission or bhe pulse echo mebhod are : (a) Conbacb besbing 
(b) Immersion besbing. 

(i) Conbacb besbing: In bhis bechnique bhe probes are broughb in 
conbacb wibh bhe besb specimen bhrough a bhin layer of a 
couplanb and bhe energy bransmibbed from bhe flaw is picked up by 
bhe receiving probe. This bechnique is frequenbly used for large 
specimens . 

(ii) Immersion besbing: In bhis bechnique bhe probe are immersed 
in a liquid (waber or oil). The liquid acbs as a couplanb 
bebween bhe specimen and bransducers. As bhe presence of couplanb 
is always ensured, bhe bechnique is generally used for high 
qualiby besbing. It is suibable for small specimens bhab can be 
immersed in bhe bank. . 

2.5 Flaw Bepresenbablon Techniques 

Dlbrasonic besbing basically involves real-bime measuremenb 
of ulbrasonic energy. As ib is difficulb bo comprehend and 
direcbly analyse bhis form of energy, ib is converted inbo more 
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suitable visual representations. 

Usually ultrasonic energy is converted into electrical 
signal and is represented on the screen of cathode ray tube. The 
vertical axis of the screen depicts the amplitude of the 
transmitted and received signals in correct sequence, while the 
horizontal axis indicates the elapsed time between both. By 
analysing the signal display pattern on the screen, information 
for the flaw can be obtained. The representation of signal trace 
on the oscilloscope indicating presence the flaw at a given test 
point is termed as A-Scan. In order to cover the given cross- 
section, it is necessary to shift the probe along a test line as 
shown in Fig. 2.2 . This one dimensional representation of the 
specimen for flaw along the line is commonly called the B-Scan 
representation. In case of two dimensional scanning (area) of a 
test piece, e.g. a composite plate, the test results are obtained 
by scanning transducers over area and are represented by C-Scan. 
This furnishes top view of the test piece with plotted flaw 
projection points. Figure 2.2 gives clear idea about the 
presentation methods. 
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This chapter describes the development of the system 
for generating Ultrasonic C-Scan images using PC-XT. The 
following sections give the brief description of the available 
scanner with its capabilities and the present work of 
interfacing it with an IBM-PC compatible to obtain C-scans using 
the image processing techniques. 

3.1 Available Set-Up 

A basic mechanical scanner interfaced with the ultrasonic 
flaw detector (UFD) was developed by Shukla [30] in Composite 
Materials laboratory of IIT, Kanpur . It uses through 
transmission technique with water immersion method for the C- 
Scan representation of the specimen. The block diagram of the 
system is shown in Fig. 3.1 

The test specimen is mounted in an immersion tank, filled 
with water. Two transducers are coaxially mounted on a bracket so 
that they are on either side of the test specimen. The 
transducer set moves along a path shown in the figure , with 
the help of two stepper motors. These motors in turn, are 
controlled by a digital control circuit. The counters are used to 
set the portion of the specimen to be scanned automatically. The 
ultrasonic flaw detector (UFD) generates the signal to energize 
the emitting transducer. The ultrasonic signal passes through 
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the specimen and is collected by the receiving transducer which 
is then fed back to the UFD. The trace of the emitted signal 
and received signal can be seen on the screen of the ultrasonic 
flaw detector . Analysis of the received signal gives an idea 

about the flaw in the specimen. The UFD has a built in 

* 

comparator which compares the received signal amplitude with a 
threshold and sends GO-NOGO signal to Flaw Alarm Monitor. This 
signal is used to lift or press a pen which also moves 
synchronously with the probes. Thus, it is possible to plot the 
flaw projection when a flaw is encountered. 

3.1.1 Dltrasonic Flaw Detector 

Ultrasonic flaw detector UFD 6255, manufactured by ECIL, 
India has been used for the present work. This equipment 
displays A scan representations on a CRT screen . The salient 
features of the equipment are noted below ; 

I) It provides ultrasonic pulses in the frequency range of 1.5 
to 10 MHz. It is compatible with a variety of probes and has the 
capabilities of measuring flaws in steel specimens of thickness 
in range of 0.7 cm. to 10 meters . 

II) The rate at which ultrasonic pulses are sent can be varied 
to suit the depth range of the test component. 

III) Gain of the received signal amplifier can be controlled 
externally (maximum gain = 120 db). The unwanted noise signals 
can be rejected to reduce the flare on the screen. 

IV) The equipment has Flaw Alarm Monitor (FAM) facility which 
gives an alarm when the received signal amplitude falls below the 


set threshold value. 



V) The displayed echoes can be widened 3 1,0 4 times the 

original . 

VI) Other important specifications are as follows 

1) Dead Zone : 0.7 cm for 2.6 MHz frequency probe. 

2) Delay ; 0 to 4 meters of steel in two steps 

3) Calibrated Attenuator : 0 to 62 db. 

4) Accuracy : 15 % 

The detailed information regarding the operation and 
various circuit diagrams are given in ECIL manual (29). 

3.1.2 Stepper Motor Control Circuit 

The transducers scan the rectangular areas along the path A- 
B-C-D-E-F as shown in Fig. 3.2 . The movements along two 

perpendicular directions are provided by two separate stepper 
motors. It can be seen that the transducers are moved along the 
straight lines AB, CD, and EF by one stepper motor and along BC 
and DE by the other motor. Further, the direction of rotation of 
the stepper motor during the transducer movement from C to D is 
opposite to that during A to B. The second motor rotates in the 
same direction as the traansducers move from B to C and D to E. 
Thus, the complete scanning can be achieved by four motions of 
the stepper motors for transducers to traverse path ABODE and 
repeating them sufficient number of times. The block diagram of 
the stepper motor controlling circuit is shown in Fig. 3.3. A 
sequence generator circuit is used to produce the four motions 




Fig. 3.2 Probe's scan pattern over the 
specimen. 








and repeating them. The sequence generator circuit receives 
pulses from a clock generator and sends them to a appropriate 
stepper motor driving circuit in the predetermined sequence. 
Duration of each of the four motions depends upon the lengths of 
the paths AB, BC, CD and DE. The paths AB and CD have the same 
lengths as the length of the area to be scanned while the paths 
BC and DE are designed to be of 1 mm length. Durations of each of 
the four motions is controlled by a master control circuit with 
the help of two counters which keep count of pulses sent by the 
clock generator to the sequence generator circuit. With the 
present design, 200 clock pulses of the clock generator rotate 
the stepper motors by one revolution cind the transducers by 1 mm. 
The length of the area to be scanned is set on one of the thumb 
wheel switches so that a signal is sent to the sequence 
generator circuit at the end of paths like AB, CD, EF etc. for 
going to the next motion in the sequence. The width of the area 
to be scanned is set on the second thumb wheel switch so that a 
signal is sent to stop the stepper motors when scanning has been 
completed . 

3 . 2 Present Set-Up 

The popularity of the ultrasonic inspection system can be 
attributed to the wide applicability of the technique as well as 
its ability to locate and characterize various defects. The 
large amount of work regarding defect characterization, outlined 
in the literature survey, is possible mainly due to the detailed 
analysis of the received signal. However, use of GO-NOGO 
criteria for the ultrasonic C-scan plotting imposes a major 



limitation. The significant data may be missed due to an 
improper setting of the threshold for GO-NOGO selection. The 
technique consisting of actual measurement of the received signal 
amplitude for C-scanning has proved to be versatile. It is the 
first step towards a more detailed signal analysis for damage 
identification and characterisation. 

Another important requirement for Ultrasonic evaluation is 
collection and processing of a large amount of data. This work is 
time cons\aming, may introduce error, and therefore calls for 
automation. By interfacing the system with a microcomputer (PC- 
XT), it is possible to acquire , process and display the data 
using computer aids such as image processing. 

Basically, Ultrasonic C-scan imaging requires the following 
information regarding flaw and position of the transducer : 

i) Peak amplitude of the received signal, 

ii) X & Y coordinates of the transducer location . 

The main elements of the present set up are indicated in the 
block diagram in Fig. 3.4. The emitting probe is energized by 
a pulse from the ultrasonic flaw detector. The ultrasonic signal 
is passed through the test specimen and is collected at other 
end by the receiver probe. This signal is conditioned by the DFD 
and is fed to the peak detector circuit. The amplitude of the 
received signal is retained by the peak detector and is digitized 
by an analog - to -digital (A/D) converter. The digitized value 
of the peak amplitude is then transferred to the PC processor for 
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Fig. 3.4 Present set up. 








analysis. The other requirement is to transfer the data 
regarding the transducer location. The transducer motion is 
controlled by the stepper motor control circuit. Hence, this 
circuit is also interfaced with the PC processor through a driver 
circuit and an A/d converter . The acquired data is processed 
for visual representation using an image processing technique . 

3.2,1 Interface for the received signal amplitude 

The information regarding a flaw is contained in the 
received signal. However, this signal is very weak and contains 
noise as well. Therefore it is necessary to suppress the noise 
and amplify the signal. Filtration of signal is also required 
to remove the high frequencies and to get the signal envelope. 
The high quality signal conditioning circuits are required for 
satisfying these requirements. To make efficient use of the 
circuits, of available ultrasonic flaw detector (UFD 6255), it is 
necessary to keep track of the signal and the circuits modifying 
it. 


Functional block diagram of the UFD along with voltage 
diagram at each stage is shown in Fig. 3.5 . The sweep tmit 
generates the control signal for governing the rate at which the 
pulses are generated by the emitting transducer. This rate can be 
varied to suit the test specimen. Transmitter unit sends a pulse 
as soon as it receives a control signal from the sweep unit. The 
transducer gets excited and an ultrasonic signal is emitted. The 
signal is collected at the other end of the specimen and is fed 
to the amplifier. The amplifier unit contains pre-amplifier, high 
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Fig. 3.5 Ultrasonic flaw detector. 









frequency ( HF ) amplifier and video rectifier stages. Pre- 
amplifier stage amplifies the signals, in order to lift them 
above the noise level. This is followed by a broad band HF 
amplifier stage covering all occurring ultrasonic frequencies 
from 1 to 10 MHz. The signal is then passed through video 
rectifier stage to get the signal envelope as shown in Fig. 3.5 

vertical deflection plates of cathode ray tube. 

It can be inferred from the above description that the 
output of the video rectifier provides a ’conditioned’ signal 
suitable for digitization and further processing. 

3 . 2 . 1 . 1 Peak Detector Circuit 

As described earlier, the received signal is to be fed to 
a PC-XT for storing and processing the data. For this purpose an 
analog signal has to be converted into digital form. The 
digitization can be done by means of an analog-to-digital 
{ A/D ) converter as shown in Fig. 3.6 (a). The digitization 
process consists of converting a continuous signal into discrete 
signals at regular intervals. Magnitude of each signal is equal 
to the magnitude of the original continuous signal at the 
particular instant as shown in the Fig. 3.6 (a). To digitize an 
analog signal of time period (T) into n number of samples, 
sampling time (Ts) should be 1/n^^ fraction of the signal time 
period (T). The accuracy of representing an analog signal in the 
digital form depends on the number of sample points. The accuracy 
increases as the number of sample points increase. 




Ts 

Fig. 3.6(a) Use of A/D converter. 



Fig.3.6(b) Video rectifier output waveform. 



Fig. 3.6(c) Input and output waveforms of the 
peak detector. 
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The wave form as it is available at the output of video 
rectifier stage is shown in the Fig. 3.6 (h) . It consists of 
emitted as well as received pulse. The width of 
the received signal is only 1 microsecond. Therefore, to obtain 
two samples of this signal, sampling time should be less than 0.5 
jjiS. The available A/D card ( DT-2805 of Data Translation, 2801 
series), has a sampling time of 0.66 milliseconds (sampling rate 
of 6.0 KHz) . Hence, it is necessary to incorporate a circuit to 
detect peak amplitude of the received signal and then retain it 
till the next pulse arrives . Such peak detector circuit has been 
developed which provides the desired output as illustrated in 
Fig. 3.6 (c). With this type of signal, the available A/D card 
having a low sampling rates can be used. Design of the peak 
detector circuit is given in the following paragraphs. 

Design : The waveform at the output of the video rectifier stage 
consists of emitted pulse as well as received pulse as 
shown in Fig. 3.6 (b) . The amplitude of the received signal is 
only to be picked, eliminating the emitted pulse. 

The circuit diagram of peak detector is shown in Fig. 3.7. 
First stage, a buffer stage, is used for impedance matching. 
Operational amplifiers are selected on the basis of high slew 
rate requirements . The signal consisting of emitted as well as 
the received pulse is fed to a charging capacitor Cl (0.1 uF ) 
which gives the output signal proportional to the peak of the 
input voltage. This is short circuited to the ground at the 
instant when the emitted pulse arrives so that the output does 
not correspond to the emitted pulse. ( The peak voltage of the 





emi't'ted pulse is larger “than "tlie peak vol'bage of "the received 
pulse, ) In fact the short circuiting is done by the signal 
produced by the emitted pulse itself . For this purpose a 
comparator amplifier is used which gives an output signal when 
the input signal voltage exceeds a threshold value. The threshold 
value is set lower than the peak voltage of the emitted pulse and 
higher than the expected maximum voltage of the received pulse. 
Thus, the comparator gives a signal when it receives a the 
emitted pulse. This signal is fed to the transistor acting as 201 
analog switch through a multivibrator so that output of charging 
capacitor is proportional to the input voltage signal only after 
the emitted pulse has passed. Thus the output of capacitor is 
equal to the peak of the received signal as shown in fig 3.6 (c) 

In the present case comparator input is set at 6 V so that 
the received signal below this value is detected and its 
amplitude value is latched. 

3.2.2 Interface for Location Parameters 

Location parameters include X and Y-coordinates of the 
transducers at the time of sampling . As described earlier, the 
specimen is scanned in a systematic path. The revolutions of the 
two stepper motors, controlling the transducer motion, are 
governed by a single clock circuit. Leadscrew coupled to the 
stepper motor shaft has 1 mm pitch. Hence, for 200 clock pulses 
transducer set moves by 1 mm. The proper choice of stepper motor 
controlling the X direction or Y direction is made to follow the 


-55 


predetermined systematic path. Thus, b]^ knowing the number of 
clock pulses passed, location of the transducer can be 
determined. In the present case, output of cotmter of the master 
control circuit is used for the pui*pose. 

Driver Circuit : 

The circuit used for stepper motor control is a transistor 
transistor logic (TTL) circuit that has limited driving current 
capacity. In the present set up, minimum possible distance 
between stepper motor control circuit and PC-XT is about two 
meters. Therefore it was not possible to drive the external 
trigger pulse over two to three meters of wire length by using 
the direct connection between TTL chip and A/D card. Thus, 
additional driver circuit is incorporated to amplify the current 
to the required value. A simple and effective circuit as shown 
in the Fig. 3.8 is used in the present case. Two resistors act 
as current limiters. 

3.2.3 A/D card and its use 


For the present set 

up. 

an A/D 

card 

(DT-i2805 

of 

Data 

Translation, 2801 series 

) 

is 

available 

for 

sampling 

the 

peeik 

amplitude. Same card is 

also 

used for 

trsmsf erring 

the 

data 


indicating the location of the transducers. 

The DT 2805 card is compatible with the available PC and 
can be plugged into one of the system expansion slots. In 
addition to analog to digital (A/D) conversions it can perform 
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Fig.3.8 Driver circuit. 



digital to analog conversions and digital input and output 
transfers. The board also contains an on“board programmable 
clock, which can be used to provide clock pulse to control the 
operations of the board’s A/D and D/A sub-systems. 

Important specifications of DT -2805 card are as follows : 

1) Resolution : 12 bits 

2) Maximum A/D Throughput : 6000 samples/sec. using DMA 

3 ) Droop rate ; 0 . 1 mV /ms 

4) Gain range : 1, 10, 100, 

Technical specifications of the board are given in Appendix 
[A] . and further details regarding the functioning of the board 
are given in Users Manual [32]. 

In the present set up the receiver transducer receives 
signals continuously. However, they are digitized and stored at 
the fixed intervals of transducer movement (1 mm each time). To 
achieve this, the A/D card, which has the facility for external 
triggering, is triggered at the desired intervals by pulses 
produced by the clock generator . As explained in the earlier 
section, the location of transducers (x and Y coordinates can be 
determined from the knowledge of pulses sent by the clock circuit 
to the sequence generator circuit. 

All connections for A/D card are made using DT- 
707 screw terminal panel. It is an accessory in which all the 
user connections of A/D card are brought out to screw terminal 
connectors. Further details are provided in Data Translation user 
manual [32]. 


3 . 2.4 


Software for Data Transfer 


The A/D card has an on board microprocessor and it can be 
programmed using software. Manipulation of bits in command 
register govern the operations of the board. 

A software module in FORTRAN has been developed for the 
data transfer using PCLAB routines for manipulating the board 
operations. Detailed information regarding the operations of 
these routines can be obtained from user mauiual [33]. The 
program does following functions : 

* To retrieve the data ; Peak amplitude is sampled at each 
transducer position. Instead of taking a single sample at each 
transducer position, it is possible to take many samples and 
then averaging them in order to reduce the noise effect. In the 
present case, 21 sample points are taken at each location using 
2KHz sampling frequency and then average value is selected. This 
value is also echoed on the PC monitor screen. 

* To arrange the data : The transducers move from bottom right 
corner to upper left corner along a systematic path . While the 
image processor requires the data starting from upper left comer 
to lower right corner incrementing in positive X direction. The 
program rearranges the data to send it to the image processor. 

* It stores the data in a user selectable file. 

The flow diagram of this software is shown in Fig. 3.9. 
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Fig. 3.9 Flow diagram for data transfer software 









3.2.5 InaRg ProcegsiTig 


3 . 2 . 5 . 1 In-troduction 

The common functional requirement of any Ultrasonic 
inspection system is representing the acquired data in the form 
of maps. The data can he displayed in several convenient fo]rms, 
such as A-scan, B-scan, C-scan . The data presented in these 
forms can be interpreted for the possible presence of defects, 
their location and the size. A computer can play a major role in 
automating this defect detection by employing various computer 
aids for data analysis. Image processing is an important aid in 
effectively representing the significant data and in suppressing 
the insignificant one. 

Image processing is the tool which provides a graphic 
representation of an image. It deals with quantitative as well as 
qualitative features of the image. Digital image processing 
technique involves digitizing a picture and then manipulating it 
to enhance its significant aspects. A picture is digitized by 
first dividing it into discrete cells called pixels. Brightness 
or intensity is assigned a niamber for later mathematical 
manipulation . The intensity distribution and frequency of 
occurrence of each intensity for the given picture are obtained 
and represented statistically as a histogram . Figure 3.10 
shows a picture and the corresponding histogram. The 
manipulation of the digitized image involves modifying the 
intensity of pixels. The pixel intensity can be modified using a 
mapping function. Probably the simplest manipulation involves 





dividing all the pixels into two groups, one with intensity 
level above a threshold value while the other with that below the 
threshold value. The threshold value of the picture is selected 
by considering the intensity distribution of complete picture. 
This method is, therefore, called the global thresholding. 
Considering the effect of neighbourhood of the pixel is another 
technique for processing the image. In this technique, pixel 
intensity value is modified by considering the intensities of the 
neighbouring pixels through a weighting function. Various 
manipulations are possible depending upon the weighting function 
used . The technique which involves taking an average of 

neighbouring pixel intensities with all the weights equal to 
unity, is called averaging . 

3 . 2 . 5 . 2 Pseudo Colouring 

Pixel intensity data are generally stored in 8 bit 

8 

registers. Hence 256 ( 2 ) grey levels can be indicated. The 

gray levels can be arbitarily assigned different colours in case 
a colour video monitor is used. Actual colour is obtained by 
combining three basic colours : Blue , red and green. Each of 
these colours can have 256 brightness levels 

3 

independently. Thus a total of (256) colour values are 

possible. However, in the present case only seven colour 
combinations have been used. Table 3.1 shows the combinations of 
basic colours with their brightness levels required to attain 


these seven colours. 



COLOUE 

RED LOT 

GREEN LOT 

BLUE LDT 

RED 

255 

0 

0 

GREEN 

0 

255 

0 

BLUE 

0 

0 

255 

YELLOW 

255 

255 

0 

CYAN 

0 

255 

255 

MAGNETA 

255 

0 

255 

WHITE 

255 

255 

255 

ITBLUE 

0 

0 

127 

BLACK 

0 

0 



0 


Table 3.1 Pseudo Colouring 




























3 . 2 . 5 . 3 Imase Processing Board 


The PC is fitted with an image processing board ( Matrox 
Image Processing [PIP- 1024 B] ) which is used for displaying the 
stored ultrasonic data on a colour monitor. It is a plug“in 
board compatible with the PC-XT . Video data can be written on 
frame buffer memory of the image processing board from PC’s 
memory. Various board functions can be controlled by software. 
Technical specifications as well as software details can be 
obtained from reference manual [34]. 

A software in FORTRAN was developed for showing the 
imaging of the acquired ultrasonic data. PIP subroutines are 
used to control the board functions. The flow diagram of this 
software is shown in Fig. 3.11. It’s functions are summarized 
below . 

* Image file Creation : Data in real or integer form is 
converted into ASCII form and an image file of the ultrasonic 
data is created. The image processing card uses this file for 
displaying the image. 

* Zooming : It calculates the permissible range of zooming for 
the given image. User can select any zooming factor in this 
range . 

* Pseudo colouring ’.For easy location and interpretation of the 
defect, pseudo colouring is done. Four colours are selected for 
enhancing the contrast. Colour scale is also provided to get an 
approximate peak amplitude. 

* Dilated image : Optional facility for eroded or dilated images 



3.11 Flow diagram of image procesing software 
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Fig. 












is provided. 

♦ His'bogram . It is plotted at tlie bottom rigbt comer of the 
screen. The histogram can be useful for selecting a threshold to 
create a binary image. 

^ Defect Location ; The coordinates of any pixel and 
corresponding intensity value can be obtained just by bringing 
curser on the required location. This facilitates defect sizing. 
Selected values can be stored in the file for documentation 
purpose . 

* Area calculation : The area of chosen damage zone is 
calculated. 
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The success of any developmen-bal work depends on the 
satisfactory performance of the system in its end use. The 
present system is developed to provide a facility for the 
ultrasonic C-scan image of composite specimens. Prime importance 
is given to ease of detection and accuracy in determining the 
size of the flaws. The performance of the system developed is 
evaluated by testing the composite specimens with ? artificially 
introduced flaws and the specimens damaged by impact loading. 

4.1 Calibration 

In order to obtain an accurate and reliable 
C~scan, it is necessary to set testing parameters for the 
ultrasonic inspection system. In the present system , the peak 
detector is designed such that the received signal amplitude is 
detected when it is below a certain value ( i.e. less than 6 7). 
This can be achieved by adjusting the gain setting of the 
ultrasonic flaw detector such that the trace of the received 
signal peak is always visible on the CRT screen. The sequence 
to be followed while switching on the system is given in Appendix 
[ C ]. 

All the tests were conducted with 2.5 MHz straight beam 
contact type probes of 12 mm. diameter. As described earlier in 
section 3.4, to minimize the noise, twenty one samples of peak 
amplitude are acquired at each location and their average 
value is used for the analysis. 



4.1.1 Accuracy Test 


To evaluate the accuracy and overall soundness of the 
system a mild steel specimen of 5 mm thickness with a circular 
hole of 16 mm diameter was scanned. The specimen and the 
corresponding Ultrasonic C-scan image are shown in Fig. 4.1 
Each pixel represents 1 nm specimen . The corresponding image is 
shown in a rectangle. As it is small and inconvenient to 
analyse, zooming facility is provided. The zoomed image with 6 
times zooming is shown in the figure. Diameter of the hole as 
indicated in the displayed C-scan image is measured using the 
interactive feature of the program. This value was compared with 
the actual dimension. It is observed that the hole diameter 
obtained through the C-scan is within 6 % of the actual value. 

The system was next tested for the specimen made of 
composite material with a square hole acting as an artificially 
introduced flaw. 

The test specimen is prepared using woven glass fiber 
prepregs (0/90'^ orientation, equal number of fibers in both 
directions). A square hole of the required dimensions was cut 
from each lamina and ten laminae were stacked over each other to 
form the test laminate. The thickness after curing is 1.8 mm and 
fiber volume fraction is 45 % .The curing procedure is mentioned 

below. 

Pressure of 100 p.s.i. was applied at room temperature 
and at this pressure the uncured laminate was heated gradually. 

^3 
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Fig. 4.1 Ullirasonic C~scan image of tlie speoiateii. 
Actual image, 5 times zoomed image 
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At 150° C, the pressure was increased to 250 p.s.i. and the 
laminate was held at this temperature and pressure for 2 hours . 
Then the temperature and pressure were decreased slowly to 
complete the curing. The cured glass fiber laminate was cut to 
the size and the epoxy spread in the hole was trimmed off by 
filing. 

Figure 4.2 (a) shows the test specimen. The C-scan 

image of the specimen is shown in Fig. 4.2 (b) . For 
displaying the variation in the received signal amplitude, 
Different colours are used. Each colour represents a range of the 
received signal amplitude. The top right comer indicates the 
colouring scheme used. The value obtained from the colour scale 
devided by 10 gives the peak amplitude of received signal in 
volts. 

The area of the flaw was measured from the C-scan image 
using interactive feature for area calculation. This value was 
compared with the actual value. The difference in the two values 
is 5 % . Inaccuracies in the flaw are due to the limitations of 
transducer diameter and frequency. More accurate results can be 
obtained by their proper choice . 

"•“ IOC a.'!! . 
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4.2 Impact Damaged Specimen Testing 

For studying the failure mechanisms in composite specimens 
subjected to destructive tests, the accurate determination of the 
location of the damage and its size is of prime importance. 
Prashant Kvimar [35] conducted the impact tests for analysing the 
behaviour of composites subjected to impact loading. The 



Fig, 4.2 (a) Composite specimen with artificial flaw. 



Fig. 4.2 (b) C-scan image with pseudo colouring . 

Actual image, 9 times zoomed image with 
colour scale. 






specimens include Kevlar fibre composibes and glass fibre 
composites. The glass fibre specimen was having 16 layers 
( [02/90/02/90] s ) and Kevlar fibre specimen was having 12 

layers ( [0/90] ) . The^S^omposite panel was subjected to impact load 
by striking it with a rounded nose steel projectile. The dcunage 
due to the impact was observed visually by holding the specimen 
against bright light and then marking the contour of the 

damage zone which is opaque due to the dispersion and refraction 
of the light waves in the damaged area . The damaged area was 
measured with planimeter and the effect of velocity of the 

projectile on the size of the damage has been studied. The Scime 
composite specimens are examined using the present set up. 

Figure 4.3 (a) shows a Kevlar fibre composite laminate 
impacted by a projectile with velocity of 35 m/s . The marking 
indicates the contour of the damaged zone identified by visual 
inspection. The ultrasonic C-scan image of the test specimen is 
shown in Fig. 4.3 (b). The following features can be noted 

regarding the image presented in the figure, 

1) The range of the received signal amplitude and the frequency 
of occurrence of each value is represented by the histogram which 
is shown in the right bottom comer of the figure. 

2) The zoomed image with 9 times zooming can be seen which is 
convenient for analysis. Various contours can be easily 
distinguished due to the pseudo colouring. The fall in the value 
of the peak amplitude of the received signal indicates the 
presence of the flaw in an otherwise undamaged specimen. 

3) The coordinates and intensity value of any pixel can 
be obtained by bringing a cursor to the required position. This 
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Fig. 4.3 (a) Kevlar /Epoxy composite . 

Projectile velocity =35 a/s 
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Fig. 4.3 (b) C-scan image with histogram . 

Actual image, 9 times zoomed image 
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4) The area of "the chosen damaged zone can be an’tomat-ically 
calculated, improving the accuracy and eliminating the tedium in 
using the planimeter. The chosen data can be stored in the file 
for further use. 

The area of the damage region obtained from C - scan 
matches, within 4 % of that obtained by visual examination. This 
shows the accuracy of the present set up. 

Figure 4.4 Ca) shows a Kevlar fibre reinforced composite 
specimen impacted by a projectile moving with a velocity of 40 
m/s . The ultrasonic C-scan image and it’s eroded version are 
displayed in Fig. 4.4 (b) . It can be seen that the noise is 
reduced in the eroded view. The damaged area can be easily 
identified . Red colour represents the complete attenuation of 
the emitted signal i.e. the peak amplitude of the received signal 
is zero. It can be noted that the damage contour displayed 
by the C-scan image conforms with the contour obtained by visual 
inspection. The difference in the areas obtained by two methods 
is 7 %. The amplitude analysis of the received signal permits 
marking of the various contours in the image, depending on the 
extent of damage. Thus, use of this technique in analysing the 
behaviour of composite specimens subjected to destructive tests 
can be appreciated. 

A Kevlar fibre composite specimen shown in Fig. 4.5 (a) was 
subjected to impact of projectile with a velocity 69.1 m/s. The 
corresponding ultrasonic C-scan is shown in Fig. 4.5 (b) 

It can be clearly seen that the displayed damage zone 
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mat.ches well with that obtained from visual examination. There is 
4.5 % difference in the areas obtained by the two techniques. 

The increase in size of the damage with increase in 
projectile velocity can be noted from these results. 

Figure 4.6 (a) shows a glass fibre specimen impact 

damaged by a projectile with velocity of 104 m/s . 

The C-scan binary image is presented in Fig. 4.6 (b) 

For displaying this image, pixels are grouped in two categories ’• 
one containing pixels of value below the set threshold while 
other containing pixels above the threshold. Thus, there are 
only two colour levels representing two peak amplitude values. 
The histogram also attests the binary image. The threshold value 
was set at 1 volts at the time time of data collection. In some 
cases thresholding can be very useful for noise elimination and 
better contrast and thus giving clear indication of the flaw 
contour. In the present case the red colour represents zero 
value of the received signal indicating the presence of the flaw. 
It can also be observed that the present system is capable of 
exploring the damaged areas which could not be detected by visual 
inspection technique. 



SPECIMEN 




¥ie 4 6 Cb) C-scan image ^ 

Actual image, 9 times zoomed binary image 
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5 . 1 Conclusions 


In the present work, a PC-XT based ultrasonic inspection 
system was developed using an available mechanized scanner to 
generate C-scan images based on received signal amplitude. For 
this purpose, an ultrasonic flaw detector and scanning set up 
were interfaced with a PC-XT through an A/D converter. The peak 
detector circuit and the necessary circuits for interfacing were 
developed. For displaying C-scan images indicating the damage 
zones, capabilities of the image processing card were utilized. 
The ultrasonic data is displayed by showing flaw contours with 
various colours, calculating the damage area. 

’ The system was calibrated for Glass fiber and Kevlar fiber 
composites. A composite laminate with an artificially introduced 
flaw was tested using present set up. Various specimens subjected 
to different impact loads were also evaluated for detection of 
the flaws and determination of their areas. 

From the results discussed in Chapter 4, it can be concluded 
that, the present set up can be effectively used for the 
detection of flaws. It facilitates ease in location and sizing 
of damages due to the interface of system with a computer. The 
system can be employed to determine the effect and growth of 
flaws and for the analysis of failures in the composite specimens 
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subjected "to destructive tests. 


5.2 Suggestions for future work 

The following areas can be identified for enhancing the 
capabilities of the present system. 

i) To introduce more flexibility in scanning , the mechanism can 
be automated using stepper motor control cards monitored by PC - 
processor 

ii) A more sophasticated ultrasonic flaw detector can be employed 
for more accurate results and to detect the depth of the flaws 
in the specimen using more sophisticated ultrasonic flaw 
detector . 

iii) The detailed analysis of the received signal can be done 
for the characterization of the flaws. Using fast A/D card for 
sampling and signal analysis, it is possible to get more 
information regarding the flaw. 
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IX - A 


SPECIFICATIONS OF DT-2805 A/D SUBSYSTEM 


Number of Analog Inputs 
Resolution 

Channel Acquisition Time 
to within 1/2 LSB 

A/D throu^put to System 
Memory 

Software Programmable Gain 
Range 

Input Ranges 
Unipolar Input Ranges 

Bipolar Input Ranges 

Output Data Codes 

Input Impedence 

Maximum Input Voltage 
Without Damage, power on 

Maximum Input Voltage 
Without damage, power off 

Sample and hold droop rate 


8 Diff errential Inputs 
12 bits 


120 microseconds 


6000 san^les per second 


1, 10, 100, 500 

Unipolar or Bipolar 

0 to +10V, 0 to +1V, 

0 to +100mV, 0 to 20 mV 
full scale, depending on 
programmable gain setting 

+/-10V, +/-1V, +/-100mV, 
+/-20mV full scale, 
depending on programmable 
gain setting 

Straigt Binary (unipolar) 
Offset Binary (bipolar) 


100 megaohms , 100pF 


+/-30V 


+/-20V 
0. ImV/ms 
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IX - fi 


SPECIFICATIONS OF THE IMAGE PBOSCESSING CARD 


BUS: 

-IBM pc plug-in. 

Display Memory Acess: 

- on board pixel address point-er registers 

- DMA transfers 

Special Functions: 

- Software verticle and horizontal pans 

- Software enabled zoom 

- Input and output video lookup tables 

- Software selectable lookup table maps 

- Video bus 


Video Timing: 


- Active Video: 51.2 u-s 

- Horizontal Sync Frequency: 15. 75 KHz 

- Horizontal Sync Width: 4.8us 

- Vertical Sync Frequency: 60 Hz (American) 50 Hz (European) 

- Vertical Sync Width: 190.5)jis 

Memory Acess: 

- Software enabled auto- increment capability in 512 - 512 

mode to improve transfer speed for both video RAM and LuT 

RAM access -s x. a 

- Fully transperent memory in both display and grab modes 

with very fast access 


DMA Access: 

- Non- interrupt or interrupt driven DMA 

- IM4A channel is strap selectable and software readable 

I/O: 

- 16 bit input output address 

- Interrupt level 4 (IRQ 4) 
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PRECADTIOHS 

The present set up was developed by interfacing an 
ultrasonic flaw detector and stepper motor circuit to the A/D 
card which involves analog and digital voltage waveforms. The 
procedure given below should be strictly followed in the given 
sequence while switching on the circuits for data transfer- 
otherwise serious damage may occur to A/D card , DFD or PC-XT. 

a) Fill in the immersion taink with water and clamp the specimen. 

b) Switch on the PC-XT and run the ADSET software. This sets A/D 
card to accept the data. 

c) Switch on the power supply to stepper motor circuit and peak 
detector circuit. 

e) Bring the transducers to the required position by mainual 
control switch and set the scan size on preset counters. 

d) Switch on the DFD and adjust the gain control such that the 
received signal peak is always visible on the DFD screen. 

f) Run ADTRIG software which commands A/D card to wait till data 
comes . 

g) Press the switch for automatic scanning auad start the data 
transfer. 

h) When the set size is scanned, ADTRIG will automatically stop 
the A/D card acquiring further data and echo the same on the PC 
monitor. Now switch off DFD first and then switch off the power 
supplies for the peak detector and stepper motor control. Your 
data file is ready for further processing. 
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